Background--The optimal surgical approach for management of acute type A aortic dissection remains controversial. This study aimed to assess outcomes of reoperation after acute type A dissection repair to help guide decision making around index operative strategy.
T he optimal surgical approach for management of acute type A aortic dissection remains controversial. Specifically, there is no consensus regarding whether to perform limited repair (eg, ascending aortic and hemiarch replacement), followed by late reoperation if needed, or extensive repair (eg, total arch replacement with conventional or frozen elephant trunk) for the index (first) operation. Arguments in favor of limited index repair primarily include lower surgical risk compared with extensive repair 1 -the "live to fight another day" philosophy. 2 In addition, some studies have suggested that limited repair has late outcomes similar to extensive repair, including the development of late aortic dilatation, need for reoperation, and overall survival. [3] [4] [5] Arguments in favor of extensive index repair focus primarily on the potentially decreased need for late aortic reoperation, operations that are frequently viewed as complex and with much higher risks. Currently, however, data detailing the results of reoperations after acute type A dissection repair are lacking. 6 As such, this study aimed to assess outcomes of reoperation after acute type A dissection repair to provide further evidence around decision making for an index operative strategy.
Methods
This retrospective cohort study included all aortic reoperations (129 procedures, 89 patients) at Duke University Medical Center from August 2005 to April 2016 after prior acute type A dissection repair. The study was approved by the institutional review board of Duke University Medical Center, and the need for individual patient consent was waived. Patient demographics, procedure characteristics, and clinical outcomes data were obtained from the prospectively maintained institutional aortic surgery database. The index type A dissection repair was performed at Duke University Medical Center for 21 patients (23.6%), and the remainder were performed at outside institutions. Index repair procedures included proximal (ascending with or without valve or root) aortic with or without transverse arch and with or without frozen elephant trunk.
Primary indications for reoperation included (1) residual chronic dissection resulting in proximal aortic (aortic root and/or ascending aortic), aortic arch, or distal aortic (descending thoracic or thoracoabdominal) aneurysms; (2) progressive aortic insufficiency; (3) anastomotic pseudoaneurysm; (4) infective endocarditis; and (5) other (valve dehiscence, n=2; left ventricular outflow tract mass, n=1). Reoperation procedures included redo-sternotomy-based proximal repairs (aortic valve/root, proximal aortic or aortic arch) and left thoracotomy or endovascular-based distal repairs (descending thoracic or thoracoabdominal). Procedure selection was based on the extent of aortic pathology and comorbidity profiles. For selected patients with "mega-aorta" with concomitant transverse arch and distal aneurysms, a planned 2-stage procedure was performed with total arch replacement during the first stage and either endovascular completion using the Dacron elephant trunk graft as the proximal landing zone for a second-stage endovascular repair during a single hospital stay 7 The primary outcome examined was 30-day or in-hospital mortality. Secondary outcomes included organ-specific morbidity, using the Society of Thoracic Surgeons definitions, as well as 1-and 5-year overall survival and freedom from aortic reintervention, as estimated using the Kaplan-Meier method. Aorta-specific mortality was defined as death from any aortarelated cause, including aortic rupture, malperfusion, and anastomotic or endovascular complications. Any 30-day or inhospital mortality associated with initial or additional reoperations was also included as aorta-specific mortality. Using this definition, aorta-specific survival was estimated using the Kaplan-Meier method. Statistical analyses were conducted using R software, version 3.3.1 (R Foundation for Statistical Computing).
Results
Patient demographics, comorbidities, and index repair procedures are listed in Table 1 . The median age was 58 years (interquartile range: 47-65 years), and 74.2% of the cohort was male. Hypertension was present in the majority of patients (93.3%) at baseline, as were cardiovascular comorbidities typical of this patient population. Notably, a significantly high number of patients (21.3%) had a history of prior stroke. Connective tissue disorders (Marfan syndrome, LoeysDietz syndrome, and unspecified) were present in 20 patients (22.5%). For index repair, >50% of patients underwent isolated ascending aortic replacement with aortic valve resuspension. Concomitant aortic root or valve replacement was performed in 19 patients (21.3%), and hemiarch replacement was performed in 21 patients (23.6%). Concomitant index total arch replacement or frozen elephant trunk were rare.
The median interval between index type A repair and initial reoperation was 5.0 years (interquartile range: 1.6-27.3 years). The majority of reoperations (83.1%, n=74) were performed in the elective setting. Main indications for reoperation (Table 2 ) included distal aortic (n=61), aortic arch (n=40), and proximal aortic (n=23) aneurysms, progressive aortic insufficiency (grade 3 or 4, n=24), anastomotic
Clinical Perspective
What Is New?
• The current study provides new data regarding outcomes for late reoperation after index acute type A dissection repair. These data may help guide decision making around the extent of an index operation, given the current controversy regarding limited versus extensive index repair for this surgical emergency.
• The study demonstrates that the vast majority of reoperations after index acute type A dissection repair are elective (83%), with low rates of mortality (6.3% elective mortality) and major morbidity and excellent long-term aorta-specific survival (88% at 5 years).
What Are the Clinical Implications?
• Because the overwhelming majority of reoperations after acute type A aortic dissection repair are elective, these patients may be routed to referent aortic centers of excellence when necessary, with the current study demonstrating excellent results with this paradigm.
• The results provide support for limited index repair for acute type A dissection, especially for patients undergoing repair in lower volume centers without expertise in extensive repair; this point is especially relevant in the current era in North America, where regionalization of care for acute type A dissection does not exist and most patients undergo repair in low volume centers.
pseudoaneurysms (n=8), and infective endocarditis of the aortic valve or valved conduit (n=2). The median aneurysm size for those patients undergoing reoperation for an aneurysm indication was 6.2 cm (interquartile range: 5.7-7.1 cm). Most patients presented with a combination of proximal (aortic root or ascending) and arch aneurysms or arch and distal aneurysms; isolated proximal or descending aneurysm was present in 11.2% (n=10) and 27.0% (n=24) of patients, respectively. Reoperation procedures (Table 2) included proximal aortic repair using a redo-sternotomybased approach (n=55, 62.5%), and distal aortic repair using a left thoracotomy or endovascular-based approach (n=35, 39.8%). Sixteen patients with mega-aorta underwent 2-stage repair including total arch replacement with elephant trunk followed by endovascular completion. During a median follow-up of 2.5 years after first reoperation, additional nonstaged reoperations (n=24) were required in 21 patients (23.6%) after the initial reoperation ( Data are shown as median (interquartile range) or count (percentage). *History of stroke: In 8 patients, strokes were related to the original dissection event and were diagnosed with computed tomography and/or magnetic resonance imaging at the time of initial type A dissection or postoperatively after index repair; the remaining 11 strokes were unrelated to the prior dissection. Eight patients had residual visual, motor, or memory deficits at the time of reoperation. Table 4 . Thirty-day mortality was 7.0% (proximal repair: 8.5%; distal repair: 6.0%), with a higher mortality rate for nonelective procedures (11.1%) compared with elective procedures (6.3%). Organspecific morbidity was acceptable, given the complexity of these procedures: Incidence of stroke was 5.4% (proximal repair: 6.4%; distal repair: 4.8%), acute kidney injury (increase in serum creatinine of >100%) was 6.2% (proximal repair: 6.4%; distal repair: 6.0%), prolonged ventilation for >24 hours was 12.4% (proximal repair: 17.0%; distal repair: 9.6%), and reoperation for bleeding was 3.1% (proximal repair: 8.5%; distal repair: 0%). The median length of stay was 6 days (interquartile range: 5-10 days), and most patients (97.7%) were discharged to home. Kaplan-Meier estimates of unadjusted overall survival are shown in Figure 1 . Overall survival for the entire cohort at 1 and 5 years after initial reoperation was 85.9% and 64.9%, respectively. The most common causes of late death were secondary to underlying patient comorbidities and included sepsis (20%, secondary to pneumonia or urinary tract infection unrelated to reoperations), congestive heart failure or myocardial infarction (10%), and malignancy (5%). In addition, there were 3 late aorta-specific deaths (15%) in patients who died within 30 days after additional reoperations. Freedom from aortic reintervention after initial reoperation was 86% at 1 year and 60% at 5 years ( Figure 2) , with aorta-specific survival after initial reoperation of 91% at 1 year and 88% at 5 years ( Figure 1 ).
Discussion
The optimal management strategy for acute type A aortic dissection remains controversial. In this study, we examined 129 reoperations (in 89 patients) performed at a single referral aortic center after index repair for acute type A dissection. The results suggest that reoperation after acute 
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Data are shown as count (percentage). *Some patients had >1 indication for reoperation (percentages add up to >100%). † Endoleak (n=3), stent graft collapse (n=1). ‡ Amplatzer plug occlusion ascending aortic pseudoaneurysm. Journal of the American Heart Association type A dissection repair can be performed with low rates of mortality and organ-specific morbidity. Furthermore, the vast majority (83.1%) of reoperations are performed in the elective setting, which allows time for careful case planning and likely accounts for the particularly good outcomes in this cohort. Long-term survival after reoperation was acceptable, especially considering the comorbidity profile of the patient population, including prior stroke in >20%. Aorta-specific survival, which is the goal of reoperation, was excellent. Few previous studies have examined the safety of reoperation after type A dissection repair. An early study by Estrera et al 9 reported 63 patients (58 elective, 5 emergent) who underwent reoperation after previous type A dissection repair between 1991 and 2006, including ascending aortic replacement (94%), aortic root replacement (27%), total arch replacement (62%), elephant trunk (56%), aortic valve replacement (38%), and coronary artery bypass grafting (8%). Thirtyday mortality was 11%, and incidence of stroke, acute renal failure, respiratory failure, and postoperative bleeding was 0%, 6%, 23%, and 6%, respectively. In a more recent study by Rylski et al 1 of 153 patients who underwent index repair for type A aortic dissection, reoperation was required in 8% of patients at a median follow-up of 1 year. Elective reoperation (hybrid arch repair, total arch replacement, and distal repair) was associated with 0% in-hospital mortality. Outcomes of distal aortic interventions were also examined by Roselli et al 10 in 305 patients who underwent reoperation after index type A dissection repair. The authors reported hospital mortality of 6.1% and overall survival of 84% and 73% at 1 and 5 years, respectively. Our study is among the largest to date to investigate both proximal and distal aortic reoperations following index type A dissection repair, and the results provide further evidence that reoperation after type A dissection repair can be performed safely in a mainly elective setting with low risk of mortality or major morbidity and excellent late aorta-specific survival.
Existing studies comparing extensive and limited index repair for acute type A dissection have yielded conflicting results and recommendations, likely due to heterogeneous patient populations and diverse clinical profiles. Some studies have shown comparable mortality rates between limited and extensive index repair, 4, 5, 11, 12 whereas others have reported higher operative risk associated with extensive repair. 1, 13 Specifically, the reported 30-day or in-hospital mortality of extensive repair ranges widely from 4.7% to 29%. 5, 11, 12, [14] [15] [16] In general, studies reporting lower mortality rates had younger patients (mean ages of 45, 46, and 54 years for the lowest mortality rates of 4.7%, 5.7%, and 5.9%, respectively 4, 12, 14 ) , a known strong independent predictor of mortality. 5 Most studies 1, 4, [11] [12] [13] 16 also had small numbers of patients who underwent extensive repair (range: 14-140), limiting the statistical power and generalizability of the results. A recent meta-analysis 17 examining 9 studies for a total of 1872 patients (in Germany, China, Korea, and Japan) showed that limited index repair is associated with lower early mortality (risk ratio: 0.69; 95% confidence interval, 0.54-0.90) compared with extensive repair, whereas longterm mortality was similar between the 2 approaches (hazard ratio: 1.02; 95% confidence interval, 0.51-2.06). In our study, the mortality rate of elective reoperation (6.3%) was lower than that of index extensive repair in most series (20-29%) with similar patient age and comorbidity profiles, 5, 11, 16 thus justifying the approach of limited index repair followed by reoperation if needed. This latter point is especially relevant in the current era in North America, where regionalization of care for acute type A dissection does not exist. 18 Considering that most patients undergo repair in low-volume centers, 19 lower risk, limited index operations would appear most appropriate. Because the overwhelming majority of reoperations are elective, however, these patients may subsequently be referred to aortic centers of excellence if necessary, with the current study demonstrating excellent results with this paradigm.
In the current study, 23.6% of patients required at least 1 additional reoperation after the initial reoperation. Connective tissue disease, a known risk factor for reintervention, 6 was common (42.9%) in these patients. Mortality and morbidity were low in this group, likely because patients with connective tissue disease tend to be younger with few comorbidities. This result is consistent with previous series in which patients with connective tissue disease had low mortality and morbidity following multiple reinterventions. 20, 21 In the series of patients with Loeys-Dietz syndrome reported by Williams et al, 20 those who experienced acute type A dissection underwent multiple surgical interventions with a mean of 3.4 operations performed. Despite these multiple operations, there were no aortic-specific deaths in the cohort. Similar results were seen in a large series of patients undergoing thoracoabdominal aortic aneurysm repair in which mortality and adverse outcomes were significantly lower in patients with the Marfan syndrome as opposed to the remaining cohort with degenerative aortic disease. 21 The current study has several limitations. First, the study was limited by the potential bias of a single-center, retrospective analysis. In addition, the study examined only patients needing reoperation after index repair of type A dissection, and thus the results cannot be used to implicate the rate of aortic reoperation or dilatation secondary to patent false lumen after index repair. The aim of this study was not to directly compare extensive versus limited repair as initial management strategies for type A dissection but rather to provide evidence of the safety of late reoperation to help guide decision making for an index operative strategy, especially for patients undergoing index repair in lower volume centers without expertise in extensive repair.
In conclusion, reoperation after acute type A dissection repair can be performed safely, usually in the elective setting, and with low mortality and morbidity. The results of this study provide support for limited index repair for acute type A dissection, especially for patients undergoing index repair in lower volume centers without expertise in extensive repair. 
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